SUMMARY.-Two cases are described, one with proven lympbosarcoma and doubtful autoimmune disease, and the second with the reverse situation, in which circulating abnormal mononuclear cells showed PHA responsiveness and an abnormal chromosomal constitution (clonal evolution). These findings are discussed in the light of previous cytogenetic studies of lymphoreticular neoplasia and autoimmune disease and the relationship between these two conditions.
areas described and lichenification of the skin around the knees, elbows and buttocks. The left ankle and knee were painful on passive movement and there were wide-spread small shotty lymph nodes. The genitalia were normal and his height was 70 inches (pubis-heel, 35 inches, span 69 inches). There were no other abnormal findings.
Investigations.-Haemoglobin (Hb), g.00, reticulocytes, 0 2%. White blood count (WBC), 8800 per mm.3 with a normal differential. Erythrocyte sedimentation rate (ESR), 68 mm. in 1 hour (Westergren). Serum proteins, 7 g./ 100 ml. (albumin 4 g./100 ml. and globulin 3 g./100 ml.) with a normal electrophoretic pattern. Random blood sugar, serum calcium and phosphorus normal. Mantoux 1: 1000 and 1: 10,000 were negative. Anti-streptolysin 0 titre (ASOT), and latex fixation test, negative. Six lupus erythematosus (LE) cell preparations, Paul Bunnell test, direct Coombs test negative, and the Venereal Disease Research Laboratory (VDRL) test were negative. Chest X-ray and radiological investigation of the entire gastro-intestinal tract were normal.
Pathological examination.-Biopsy of a nodule from the right forearm showed subcutaneous tissue with a dense pleomorphic cellular infiltrate of lymphocytes, eosinophils, polymorphs, and histiocytes and organising thrombosis in two veins. A diagnosis of thrombophlebitis migrans was suggested. In retrospect it could be seen that many of the cells in the infiltrate were atypical and probably represented lymphoma at that time.
When the patient was discharged on May 13, 1967 , the white cell count was 15,000 per mm.3 with neutrophils 54%, lymphocytes 28%, abnormal mononuclear cells 12%, monocytes 400 and eosinophils 2%. The abnormal mononuclear cells varied in appearance: the majority were about the size of small lymphocytes with deeply indented nuclei and scanty basophilic cytoplasm but there were also larger cells with irregularly shaped nuclei and moderately abundant cytoplasm.
He was seen again in August, 1967 , after a flare up of his arthropathy. He was started on prednisone 10 mg. q.d.s., on which he improved dramatically.
Three months later he was readmitted with extensive exfoliative erythrodermia which had developed after a course of penicillin injections, given elsewhere for generalised pruritus.
Investigations. On admission Hb, 11-2 g.00, reticulocytes, 3.6% WBC, 10,000 per mm.3 (4% abnormal mononuclear cells). Total proteins 5 1 g./100 ml. (albumin 2-9 g./ 100 ml. globulin 2-2 g./100 ml.). Serum cholesterol. blood urea and electrolytes were all normal. X-rays of chest, abdomen, hands, wrists and elbows were normal. An epitrochlear lymph node biopsy on November 28, 1968, showed loss of architecture due to malignant lymphoma of the lymphocytic type (Fig. 1 ).
Cytogenetic studies
The peripheral blood was examined on November 26, 1968, before starting cyclophosphamide and the marrow was examined 4 days later. The former was cultured for 72 hours by the microtechnique of Arakaki and Sparkes (1963) with and without phytohaemagglutinin (PHA). The marrow was examined directly after 2 hours exposure to demecolcine.
Results.-No significant division was observed without PHA. With PHA the mitotic rate was 2-5%. All the cells examined except one, which had a normal male XY complement, showed hyperdiploid complements ( Table I ). The modal number was 48, constituting 50% of cells. The extra chromosomes were medium sized metacentrics resembling C group chromosomes. In addition a member of the G group autosomes appeared deleted, resembling a Ph1 chromosome (Fig. 2) . In the cells with 46 or 47 chromosomes there were random missing chromosomes of the normal complement in combination with the extra chromosomes. In cells with more than 48 chromosomes, additional " Ph1 " or extra small metacentrics were seen (Fig. 3, 4) . Buccal smears showed negative sex chromatin, thereby weighing the evidence against the possibility of sex chromosome mosaicism.
The bone marrow showed 88% of cells with a normal male-complement without Ph1 chromosomes and 12% had aneuploid complements ranging from [47] [48] [49] [50] chromosomes. No other marker chromosomes were seen in either peripheral blood or marrow.
A course of cyclophosphamide totalling 2 g. i.v. was started on December 7, and the prednisone was increased. He responded well to this regime. The haemoglobin was 10 8 g. 00 -o skin lesions were seen on external examination. There was generalised lymphadenopathy, with the para-aortic, paratracheal, tracheo-bronchial and iliac nodes predominantly involved. These were firm, occurring singly or matted, varying in size from 1-5 to 3 cm. in diameter. The liver was grossly over-weight (2600 g.) with an area of infiltration in the left lobe. The spleen was markedly enlarged, weighing 1600 g. and was congested. There were numerous abscesses in the lungs and kidneys, and generalised necrotising bronchopneumonia.
Cultures from the pulmonary abscesses grew Staphylococcus pyogenes and Klebsiella Sp.
Histological examination confirmed the diagnosis of lymphosarcoma. Infiltrates of malignant cells of the lymphocyte series were found in the lymph nodes, spleen, liver, kidneys and heart.
Case II A 48-year-old woman, para 9, was first seen at the UHWI on January 17, 1966, with a complaint of recurrent sore throats for 6 years and hoarseness for 3 days before admission.
Investigations.-Hb, 11 3 g. %, WBC 7500 per mm.3 (neutrophils 44%, lymphocytes 45%, monocytes 7%, eosinophils 4%). The VDRL and RPCFT were both reactive. Throat swabs on culture produced a growth of haemolytic streptococci. Chest X-ray was normal.
Endoscopy revealed firm proliferative granulations involving the base of tongue, right post-nasal space, epiglottis and aryepiglottic folds. The laryngeal inlet was identified as a small stenosed slit. Biopsies were taken and a tracheostomy performed.
Pathological examination.-All biopsies showed a dense infiltrate of lymphocytes and mononuclear cells encroaching on the epidermis. Some atypical mononuclear cells were seen, with smaller numbers of plasma cells, eosinophils, and polymorphs. The appearances were consistent with a chronic granulomatous process such as luetic disease. Repeat biopsies 2 weeks later showed similar features.
Treatment was started with cloxacillin 250 mg. q.d.s. for 5 days and subsequently procaine penicillin 600,000 units b.d. for 2 weeks. She was discharged on February 16 improved. The VDRL and RPCFT were now negative.
She defaulted from outpatient follow-up until one year later. She now complained of joint pains associated with swelling on occasions. In addition she had noticed several lumps under the skin appearing at intervals at different sites. On examination, she weighed 79 lb. There were enlarged mobile axillary, cervical and epitrochlear nodes. Subcutaneous nodules were present on the extensor aspect of the limbs. Her ankles, knees, wrists and elbows were hot, swollen and painful on passive movement. The liver extended two finger breadths below the right costal margin and the spleen was palpable. No significant abnormalities were detected in the other systems. The granulomatous lesions previously noted in the pharynx and larynx were still present.
Investigations.-Hb, 7.5 g.%; reticulocytes 5%, WBC 18,000 per mm.3 (neutrophils 30%, lymphocytes 51%, eosinophils 2%, abnormal mononuclear cells (Fig. 5), 17%) . The red cells were hypochromic and there was marked rouleaux formation. Platelets were plentiful on a stained blood film. LE cells were not found on several preparations. Bone marrow showed normoblastic erythropoiesis, megakaryocytes and the granulocyte series was normal. There was a significant increase in the proportion of plasma cells (25% of the total nucleated count), but these were normal in appearance. No abnormal mononuclear cells were seen. Throat swab produced no growth on culture. Liver function tests: bilirubin 5 mg.%, thymol turbidity 4 units, thymol flocculation 4(+). SGPT 34 units, alkaline phosphatase, 12 King-Armstrong units. Total proteins: 10-5 g.% (albumin 2 7 g. %, globulin 7 8 g. %). Blood urea, electrolytes, random blood sugar, serum calcium, and X-ray of skull, lumbar spine, pelvis, hands and forearm were all normal. Mantoux 1 : 1000, sputa for acid fast bacilli, toxoplasma complement fixation test and latex fixation test were all negative.
Pathological examination.-Biopsy of the posterior third of the tongue showed a dense infiltrate of lymphocytes and mononuclear cells. The possibility of a lymphoma was now considered. An epitrochlear lymph node showed some areas in which the normal architecture was blurred. Lymphocytes, mononuclear and plasma cells extended into the surrounding fat. Many plasma cells seen in the node (Fig. 6 ) showed up prominently with the Unna-Pappenheim stain. The question of a plasma cell neoplasm was raised.
A subcutaneous nodule from the left forealm showed an artery with an organising thrombus. The vessel wall was infiltrated with poorly defined mononuclear cells. Adjacent tissue showed fibrosis with a mixture of polymorphs, lymphocytes and large and small mononuclear cells. There were foci of necrosis and foreign body-type giant cells. A section stained by the elastic-Van Gieson method showed fragmentation of the elastica, highly suggestive of polyarteritis nodosa (Fig. 7) .
Peripheral blood was cultured for 48 hours on two occasions, the first before starting chlorambucil, on February 14, 1968, the second a month later. On the second occasion the blood was cultured with and without PHA. A direct preparation was also made after exposure of blood to demecolcine for 2 hours. Suitable metaphases were analysed microscopically.
Results.-Very few mitoses were observed on direct examination or without (Fig. 8) . In those that it was possible to count microscopically or on photographs (16) the chromosome number was 92 in 13 cells and 90, 95 and 96 in the remainder though it is possible that these were not completely accurate counts. The presence of marker chromosomes in these cells could not be excluded.
One cell in the second culture contained 47 chromosomes in which the extra chromosome was an abnormal, nearly acrocentric, chromosome (Fig. 9) . The marrow was not examined. The second line was assumed to be a tetraploid line and is so designated in Table II . It was also felt that the large size of these " tetraploid " cells indicated that they corresponded with the abnormal mononuclear cells seen in the peripheral blood and which had been the indication for cytogenetic examination. The remaining mitotic cells examined were judged to be tetraploid because of the large numbers of chromosomes present. These were counted (Table II) (p) .
. 7*8 8 4 9*0 9*6 10 2 10 8 11 4 12 0 12 6 13*2 13 8 >13. To date, this patient remains in clinical remission on prednisone, 20 mg. daily. In March, 1970, haematological and chromosomal studies indicated that the abnormal clone in the peripheral blood had diminished slightly (Table II) , though two hyperdiploid cells (with 53 and 64 chromosomes) were found.
DISCUSSION
Lymphosarcoma has been clearly established on the basis of the clinical and histological features in Case I, though the precise date of onset is uncertain. It is debatable whether the exfoliative erythrodermia in January, 1968, was another example of the well-known association of this disorder with LRN (Montgomery, 1933) , or was caused by penicillin, but it is interesting that abnormal mononuclear cells appeared in the peripheral blood several months before this or the other clinical features of lymphosarcoma became manifest. According to Dacie and Lewis (1968) In Case II the most likely clinical diagnosis is an AID, probably polyarteritis nodosa. Abnormal mononuclear cells have been recognised in the peripheral blood from time to time, being prominent during relapse and absent during remission. The serum globulin (and presumably y-globulin) concentration decreased from 7-8 g.% in February, 1968, to 4-1 g.% in January, 1969, as in our first case and that of Talal and Bunim. Hypogammaglobulinaemia is known to be associated with LRN (Ultman et al., 1959; Miller, 1962) . It seems reasonable to assume, therefore, that she has LRN though the clinical features are not yet obvious. The increase in the proportion of plasma cells in the bone marrow is secondary to the AID and/or the LRN: such reactive increase in plasma cells secondary to inflammatory and neoplastic disease is well-known, but is usually less than 10%. Myelomatosis was discounted because of the normal appearance of the plasma cells and the lack of other evidence clinically to support this diagnosis. This interpretation has been justified by her subsequent progress.
In both cases the evolution of an abnormal clone of cells was evident in the lymphocytic series in the peripheral blood. In Case I the abnormal clone seemed to have taken over completely in January, 1969, when it constituted 79% of the total white cell count and there were no lymphocytes in the peripheral blood.
Could this have been an early phase in a " graft-versus-host " phenomenon? In Case II the abnormal clone represented almost two-thirds of the circulating lymphocytes but seemed to be present only as a small line in the marrow. (Chromosomal studies were not done on the marrow but the haematological findings suggest that the abnormal mononuclear cells were not a prominent constituent.) In both cases the abnormal cells were PHA responsive and did not appear to be dividing to any significant degree spontaneously. This situation is unusual in chronic myeloid leukaemia, chronic lymphocytic leukaemia and lymphomas (Spiers and Baikie, 1968a and b) where it is usually necessary to examine either the marrow or the lymph nodes to obtain sufficient dividing cells for chromosomal examination.
In Case I, clonal evolution followed the pattern described in the first model of de in which extra C chromosomes are acquired presumably by a series of non-disjunctional errors. The appearance of a chromosome resembling a Ph' is of great interest, as a diagnosis of chronic myeloid leukaemia (CML) was not considered at any time. de Nava et al. (1968) described two cases of CML and reviewed several others in which there was a reticulo-sarcoma-like process combined with the appearance of abnormal clones in peripheral blood cultures. These cases were also marked by the reduplication of the Ph' chromosome. They suggested that this phenomenon might accompany an increase in the invasive properties of the leukaemic cells resulting in infiltration of viscera, lymphadenopathy, and blastic crisis. In our case the origin of the Ph'-like chromosome was not apparent but the duplication of this and other autosomes certainly accompanied the final phase of the patient's disease.
The cytogenetic abnormalities in Case II can be interpreted in two ways. Firstly, the tetraploid line might represent congenital mosaicism. We have not examined other tissues so we have no evidence for this. Only one previous case (Kohn'et al., 1967) of tetraploid-diploid mosaicism has been reported, in an infant with multiple congenital abnormalities,, who only survived 8 months. The presence of a normal phenotype in our case is against this interpretation. The alternative, which we tend to favour, is that the tetraploidy represents a neoplastic or premalignant process. This is also a possibility in Kohn's case though there was no evidence of malignancy at autopsy. Kadowaki et al. (1965) reported a possibly similar situation in an infant with XX/XY chimaerism who developed terminally a " leukaemoid " stem line with karyotypic abnormalities. Against the neoplasia interpretation is that tetraploidy in lymphomas appears to be associated with an increased degree of malignancy and other karyotypic changes (Spiers and Baikie, 1968b) .
Besides CML, clonal evolution has been reported in solid tumours (Baker, 1968; Goh, 1968a; Fraccaro et al., 1968) . In the canine venereal tumour, a remarkably consistent karyotype with a modal number around 59 has been found in four different parts of the world (Makino, 1963; Weber et al., 1965; Barski and CornefertJensen, 1966; Thorburn et al., 1968) . This tumour and the contagious reticulum cell sarcoma of the Syrian hamster, if they are in fact malignant tumours, may owe their consistent karyotype to the direct transfer of tumour cells between successive animals.
Both AID and LRN appear to occur more frequently in patients with constitutional chromosomal abnormalities such as mongolism and Klinefelter's syndrome (Fialkow, 1966; Miller, 1966) and have been described in patients with balanced and unbalanced translocation (Buchanan et al., 1967; Goh, 1968b; Zuelzer et al., 1968) .
The occurrence of such cases as ours is unusual. If it is accepted that AID was present in Case I as well as LRN and, in Case II, a neoplasm as well as AID, then they might provide a further link in the auto-immunity-neoplasia complex. As Dameshek (1966) said "one may speculate that in both AID and leukaemia an abnormal clone of immunocytes has developed whether by mutation or other mechanism " (? deletion of part of a chromosome). " The clone becomes enlarged because self antigens coming to it are not recognised by the abnormal immunocytes which proliferate. This may result in an immunoproliferative response (autoimmunity), in a localised (lympho-sarcomatous) process or a generalised (leukaemic) disease." This was in keeping with the hypothesis of Kaplan and Smithers (1959) who suggested that autologous tumour cells have undergone antigen deletion which means that they would attack normal lymphocytes bearing such antigens. Case I fits these theories much better than Case II. The former showed a Ph'-like chromosome as well as additional autosomes, though the tumour cells remained antigenically responsive. Case II showing tetraploidy, was clinically a much less malignant condition though further karyotypic evolution may occur at a later date in transformation to more obvious neoplastic disease.
